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1. INTRODUCTION 
CSTPL is a program for the Finite Element analysis of two-
dimensional elasticity problems. Triangular elements with a linear 
displacement function ("Constant Strain Triangles") are used in this 
program. 
CSTPL is an extended version of the CSTES program (Ref. 1); 
both programs are based on E. L. Wilson's study on the Finite Element 
analysis of planar continua (Ref. 3). 
The CSTPL program can be used for a linear elastic analysis 
of two-dimensional continua with variable thickness, subjected to 
gravity, thermal, distributed, _or concentrated forces and their com-
binations. The problem can be treated as a plane stress or plain strain 
problem, depending upon the input information provided by the user. The 
program provides the option of printing the stress and deformation pat-
terns by means of a line printer. 
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2 • ANALYTIC FORMULATION 
2.1 Displacement Field 
Basic assumptions of the finite element method require the 
definition of displacement field. For a CST type element, the dis-
placement field is assumed to be of the following form 
.. 
v(x,y) = C4 +Cx+Cy 6 6 
in x and y directions respectively. This assumption also presupposes 
the stress and strain variation within the element 
ou 
c:a e =- = X ox 
ov 
cs e =- = y oy 
ou ov 
cs + c6 e =-+- = xy oy ox 
Thus the strains are constant throughout the element. Consequently, 
the stresses within an element are also constant. 
Furthermore, the assumed displacement field results in the 
continuity between the elements after the deformation; that is, 
initially straight lines remain straight in their displaced position. 
L 
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I 
Stepwise change of stresses and strains in the continuum from 
element to element imposes a restriction for the types of problems that 
can be analyzed. In particular, the application of CST elements for 
problems with high strain gradients might yield poor results. This is 
a direct consequence of approximating continuous functions by step 
functions. Therefore, caution should be exercised if problems of this 
type are to be analyzed. 
2.2 Basic Formulation 
Linkage between the finite elements is made at the vertices 
of the triangles which are the nodal points. If the external forces 
at the nodal points are designqted by I, with components in x and y 
directions, and the corresponding nodal point displacements by i, with 
similar components, then the following canonical equilibrium equation 
can be written: 
F = K o 
- --
Here K is the global stiffness matrix of the discretized con-
tinuum under study. 
L 
~ ----
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2.3 Fundamental Matrices 
The Finite Element formulation of elasticity problems requires 
the definition of three fundamental matrices: 
(1} ~' relates elemental strains to nodal point displace-
ments 
(2) Q, relates elemental stresses to elemental strains, 
known as the Elasticity Matrix 
(3) e ~ , relates nodal point reactions to nodal point dis-
placements, known as the Element Stiffness Matrix 
Derivation of these fundamental matrices can be found in many 
sources (Refs. 3 and 4). However, for user's convenience, the general. 
form of these matrices are listed. 
(1) ~: 
e b. 0 b. 0 bk 0 u. X ~ J ~ 
1 0 0 e = c. c. 0 ck v. y 2A ~ J ~ 
Yxy c. bi c. b. ck bk u. ~ J J J 
vj 
·uk 
vk 
L 
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where 
bi = yj - yk c. =~ - X. 1 J 
b. = yk - yi c. = x. -~ J J 1 
bk = yi - yj ck = x. - x. J 1 
2A = 
where the absolute value of A is the area of the element. 
(2) Elasticity Matrix D: 
(j 1 \) 0 e 
X X 
E 1 0 (jy =-- \) • e 1-\)2 y 
0 0 1-\) yxy ,.xy 2 
This relation holds for the plane stress formulation of isotropic 
materials. 
(3) Element Stiffness Matrix, ke: 
k e = J J B T D B t dx d y = "'§_ T Q ,!! t I A I 
400.2 -6 
F~ e e e e ~i k .. ~k 0. -~ -I.J -I. 
F: 
e e e 0~ = k .. k .. k.k 
-J -J I. -JJ -J -J 
Fe 
-k 
ke 
-ki ~j ~k oe -k 
where k are 2 x 2 submatrices of the following form: 
--rs 
Fe ke ke oe 
X XX xy X 
= 
e ke k e Fy 
r 
yx yy 
rs 
oy 
s 
Because of their simplicity, t~e ~ and] matrices are directly gen-
erated in the computer program while the element stiffness matrix 
ke i s calculated numerically. 
2.4 Global Stiffness Matrix 
One of the major problems in a Finite Element program is 
the assemblage of the global stiffness matrix ~ of the structure. 
I= K 0 
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F k ••. k ••• k ... k 0 
-1 -,1 -,r -,s -,n -1 
..................... 
F k ... k . . . k ••• k 2.r 
-r -r1 -rr -rs -rn 
= ..................... • 
F k ... k . . . k ••• k 
..§.s 
-s -s1 -sr -ss -sn 
..................... 
F k ... k ... k . . • k 0 
-n -n1 -nr -ns -nn -n 
k is a 2 x 2 submatrix which can be obtained by the following sum-
-rs 
mat ion: 
where: 
k 
-:rs = 
n = total number of nodal points 
m = total number of elements 
Obviously, k is only then different from zero, if r = s 
--rs 
orr and s are adjacent nodal points. The restriction of the CSTPL 
program that a nodal point may not have more than 8 adjacent nodal 
points thus is equivalent to the statement that every row of the 
global stiffness matrix does not have more than 8 non-zero off-
diagonal terms. 
In the assemblage procedure, the proper storage location 
in the ''b 
ookkeeping" matrix for every nodal point of every element 
is determined by means of indirect addressing. 
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Since an over-relaxation technique (for solving the system 
of simultaneous equations) is used in this program, the storage of the 
rather large global stiffness matrix can be done in a very efficient 
way. Problems concerning the ''band-width" of this matrix do not come 
into the picture. 
2.5 Solution Method 
2.5.1 Algorithm for Block Over-Relaxation Method 
The equilibrium equation for the total system can be written 
as 
F =!.§.(c) 
where: F = nodal point load vector 
K = global stiffness matrix 
~(c)= nodal point displacement vector (after cycle c) 
The solution of the system of simultaneous equations utilizes 
the block over-relaxation technique 
5 (c) 
-i 
= 5 (c-l) + w65. (c) 
-i -1. 
6~i(c) = f. F. - 2: k •. 5. (c) - t .,_k . 5. (c-l) 
[ 
i-1 n ~ 
~ -1. -1. -l..J -J J J j=l j=i - . 
400.2 
where 
where: 
(c) 
M. (c) 
-]. 
[ 
f f J - XX xy ii - f f 
yx yy i 
~& 1 (c) = displacement increments at nodal point i during 
cycle c 
fi = nodal point flexibility coefficient matrix (for 
-l free nodal points f.= k .. , see boundary con-
-J. -].]. 
ditions) 
w = over-relaxation factor 
n = number of nodal points 
2.5.2 Convergence Indicator 
-9 
Convergence indicator, D(c), for the solution of the system 
of simultaneous equations is based on the displacement increments. 
The indicator is defined as 
D(c) 100 • 
d (c) 
= d 
max 
Where d (c) 
= ~ (\~&xl.(c) +\ Myli (c)) 
i=l ]. 
d = max ( d (c)) 
max 
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A large number of test runs show that the convergence indicator D(c) 
gives a reliable estimate of the magnitude of relative error (in 
percent) in the maximum displacement, provided the following con-
ditions are met: 
(a) 
(b) 
§_(c)=O 
c > cd max 
(i.e. zero initial guesses). 
(i.e. after dmax occurred; usually dmax 
occurs within the first 20-30 iteration 
cycles). 
(c) w < wCRIT (the condition w < wCRIT is characterized 
by the fact that log D(c) vs. c is a linear 
relationship, except for initial irregu-
larities. In the case of w > wCRIT' the 
function log D(c) vs. c shows cyclic os-
cillations and D(c) may give unconservative 
estimates for certain intervals of c). 
2.5.3 Nodal Point Loads 
Equivalent nodal point loads due to conventrated and dis-
tributed surface loads can be computed (Fig. 1), 
After separating the x- and y-components of the surface 
loads 
' 
the x- and y-components of the equivalent nodal point loads 
can be determined in a similar way as the support reactions of a 
stlllple 
supported beam. The span length of the two equivalent beams 
is 
equal to the length of the projection of the loaded surface in 
the dt 
rection of the corresponding coordinate axis. 
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2.5.4 Boundary Conditions 
The governing system of equilibrium equations generated for 
the unrestrained system is not subjected to contraction to include 
the boundary conditions. Submatrices corresponding to the boundary 
nodes are modified to account for the imposed restraints by using 
the following vectors: 
(c) 
Q. (c) =[~L = force unbalance -1 
=[ :;t (c) R. (c) = residual force -1 
= [:;t (c) S (c) = variation in -i support reaction 
In general, the force unbalance ~·(c) 
1 
~i (c) = R. (c) + S (c) 
-1 -i 
at nodal point i 
(during cycle c, 
after nodal points 
~ ••• (i-1) have been 
processed) 
is a summation of the residual force R. (c) and the variation in sup-
-1 
Port reaction ~i (c). As a characteristic of all relaxation methods, 
the displacement increment 66. (c) is computed in such a way that the 
-1 
residual force R. (c) vanishes 
-1 
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-
Ri (c) - k. i M . (c) = 0 
-~ -~ 
f.t.. (c) = k .• -1 !i (c) 
.=:::.L~ -~~ 
Naturally, the variation in support reactionS. (c) will not cause 
-~ 
any kind of displacement increment; therefore, ~·(c) is independent ~ 
of §.i (c). 
formula. 
During the iteration, ~·(c) is computed according to the above 
~ 
In order to determine the displacement increments t.5. (c) -~ 
t.5. (c) = f. n. (c) = f -~ -~ ~~ -i 
(R. (c) + S. (c)) 
-~ -~ 
the matrix f. has to be formed in such a way that the S. (c) component -~ -~ 
of Qi(c) will not affect t.5. (c). 
-~ 
Consider three cases: 
1) Fully Restrained Nodal Point 
M (c) = 
-i 
0 ' ~·(c) = S. (c) 
~ -~ 
R. (c) = 0 
-~ 
I 
I 
I 
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2) Free Nodal Point 
s.(c) = 0 
-1 
Q. (c) = R. (c) 
-1 -1 
-+ !i = ~ii -1 
3) Partially Restrained Nodal Point 
(Nodal point which is free to move along a line 
forming an angle ~· with the positive x-axis, 
Fig. 2). 
1 
Certain components of the displacement of a boundary node, 
Fig. 2, can be expressed as 
!::.5 = cos ~i Mi (c) 
xi 
b-5 = sin~· Mi 
(c) 
yi 1 
Similarly, the reactions become, Fig. 2, 
R = cos 
xi 
~· R. (c) 
1 1 
R = sin rn R (c) 
yi Ti i 
sin rn. S (c) 
T1 i 
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o (c) = R (c) + S (c) 
'xi xi xi 
Q (c) = R (c) + 8 (c) 
yi yi yi 
By substitution and summation 
~i (c) = cos cpi Ri (c) - sin cpi si 
(c) 
= k ll5x 
(c) 
+ k ll5 • 
(c) 
xxii i xyii 
yJ. 
Qy 
(c) 
= s in cp . R . (c) + cos cp. s. 
(c) 
= k . M . 
(c) 
+ k ll5 
(c) 
J. J. J. J. yxii XJ. yyii yi i 
cos cp Q (c) + sin cp. Q (c) = R. (c) 
i xi J. y i J. 
= cos cp. f k . M + k t.6 } (c) 
J.\XXii xi xyii yi 
+ sin cp. { k M + k M J. yx • • X • yyi • y • J. J. J. J. J. 
= {cos2 cp k + cos cp sin cp k 
xx xy 
+ cos cp sin cp k yx 
+ s in2 cp k } M . (c) 
. yy i J. 
ll5i - 1 • {cos cp. Q (c) + sin cpi Q (c)) 
- ci J. xi Y i 
-
where Ci = (cos2 cp kxx + 2 cos cp sin cp kxy + si~ cp k } yyi 
} 
(c) 
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Therefore, 
= ~. [cos:a cp ~os cp ·~in cp] [ Qx] 
1 cos cp. s 1n cp s 1if cp Q 
i y i 
(c) 
and = Cl [cos
2 
cp ~os cp · ~in cp1 [Qx] 
i cos cp · s 1n cp s 1n2 cp Q 
y i 
(c) 
where Ci = {cos2 cp k + 2 cos cp sin cp k + sin2 cp k ) 
XX xy YY: i 
Note: In the CSTPL program an alternative formulation of f. was used, 
-1 
involving only tan cpi r~ther than sin cpi and cos cp1 (Ref. 3). 
0 Since tan (cp. = 90 ) = oo, special attention had to be paid to 
1 
this particular case. As can be easily seen from the above, 
for cp. = 90°, f. becomes 
1 -1 
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3. PROGRAM DESCRIPTION 
3.1 Major Program Blocks 
In order to provide a better understanding of the program, 
a listing of the location of major program blocks is included. 
Card Number 
5 - 20 
26 - 32 
160 
37 - 46 
85 - 86 
158 - 162 
50 - 151 
59 - 123 
124 - 141 
142 - 151 
159 - 178 
182 - 212 
216 - 281 
216 - 221 
222 - 242 
245 - 281 
285 - 515 
285 - 347 
348 - 446 
447 
- 515 
520 - 522 
524 - 573 
Subroutine Stress 
575 - 591 
3.2 Input Information 
Program Block 
Dimension and Data statements 
Input 
Reprint of input data 
Formation of global stiffness matrix 
Formation of element stiffness matrix 
Assembly of global stiffness matrix 
Calculation of nodal point flexibility 
coefficients 
Displacement boundary conditions 
Iterative solution of simultaneous 
equations 
Output of results 
Print of nodal point displacements 
Calculation and print of element 
stresses 
Calculation and print of nodal point 
stresses 
Line plots of results 
Line plot of Finite Element mesh 
Line plots of element stresses 
Line plots of nodal point displacements 
Error messages 
FORMAT statements 
Calculation of principal stresses and 
their direction 
For each problem, the following data deck has to be generated 
by the user: 
1 
....- ,. 
400.2 
CARD A 
CARD B 
1- 5 
6-10 
11-15 
16-20 
21-25 
26-30 
31-35 
36-40 
41-50 
51-60 
62 
64,66, •.• 
••• ,74,76 
CARDC 
1- 5 
6-10 
11-15 
21-30 
31-40 
41-50 
51-60 
61-70 
71-76 
CARD D 
1-10 
11-20 
21-30 
31-40 
41-50 
51-60 
HEADER CARD FORMAT (1X,50H •••• ) 
CONTROL VARIABLES FORMAT (8I5,2Fl0.0,8I2) 
NELEM = Number of elements 
NNOPO = Number of nodal points 
NREPO = Number of restrained nodal points 
-17 
INTCO = Print interval of convergence indicator CON 
INTRE = Print interval of intermediate results 
MAXCY = Maximum number of iteration cycles 
KNPST = 0 No print of nodal point stresses 
KNPST = 1 Print of nodal point stresses 
KOUDA = 0 No reprint of input data 
KOUDA = 1 Reprint of input data 
TOLER = Tolerable error of maximum nodal point dis-
placement (in percent) 
RELAX = Over-relaxation factor 
NPLOT = Total number of line plots 
KCODE (1 ••• NPLOT) = Code numbers of element stresses 
and nodal point displacements to 
be plotted: 
1 
- crx 4 - 0' 7 - 8 1 y 
2 
- 0' y 5 - 0' 2 
3 - '~"xy 6 - 8 X 
ELEMENT DATA FORMAT (3I5,5X,5Fl0.0,F6.0) 
(one card per element) 
NI = Nodal point number i 
NJ = Nodal point number j 
NK = Nodal point number k 
EM = Modulus of elasticity 
PO = Poisson's ratio 
AL = Coefficient of thermal expansion 
DT = Temperature 
DE = Density (weight per unit volume) 
TH = Thickness (if blank, TH will be set equal to unity) 
NODAL POINT DATA FORMAT (6Fl0.0) 
(one card per nodal point) 
AOR = Nodal point coordinate in X-direction 
BOR = Nodal point coordinate in Y-direction 
ALO = Nodal point load in X-direction 
BLO = Nodal point load in Y-direction _ 
DIA = Nodal point displacement in X-direction 
DIB = Nodal point displacement in Y-direction 
(on unrestrained nodal points these are initial guesses; 
on restrained nodal points these are specified dis-
placements in the direction of the restraint). 
400.2 
CARD E 
1- 5 
6-10 
16-25 
-18 
DATA FOR RESTRAINED NODAL POINTS FORMAT (2I5,5X,Fl0.0) 
(one card per restrained nodal point) 
NP = Nodal point number 
NT = 0 Nodal point is fixed in X and Y-directions 
NT = 1 Nodal point is fixed in X-direction 
NT = 2 Nodal point is free to move along a line of 
slope SL 
SL = Slope (tangent of angle with positive X-axis; SL 
is meaningless for NT = 0 or NT = 1) 
3.3 Output Information 
The program provides the following type of output: 
(1) Reprint of header card and main control variables. 
(2) Reprint of input data for nodal points, elements 
(including element area and coordinates of element 
centroid) and restrained nodal points (can be sup-
pressed by setting KOUDA = 0). 
(3) Print of convergence indicator CON (in intervals of 
INTCO iteration cycles). 
(4) Output of intermediate results (in intervals of 
INTRE iteraction cycles; can be suppressed by 
setting INTRE ~MAXCY). 
(a) Cycle number and estimated error of maximum 
nodal point displacement. 
(b) Nodal point displacements. 
(c) Element stresses including principal stresses 
and their direction. 
(5) Output of final results 
(a) Cycle number and estimated error of maximum 
nodal point displacement. 
(b) Nodal point displacements. 
(c) Element stresses including principal stresses 
and their direction. 
(d) Nodal point stresses including principal 
stresses and their direction (can b~ sup-
pressed by setting KNPST = 0). 
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(6) Line plots of final results (can be suppressed by 
setting NPLOT = 0). 
(a) Line plot of Finite Element mesh. 
(b) Line plots of element stresses (code numbers 
1. •.. 5). 
(c) Line plots of nodal point displacements in-
cluding interploated values along the mesh 
lines (code numbers 6 and 7). 
3.4 Supplementary Information 
The following limitations, assumptions and remarks should 
always be considered in the preparation of input data and in the 
interpretation of results: 
(1) Required field length: CM= 100000 
8 
(2) Maximum number of elements: 600 
(3) Maximum number of nodal points: 300 
(4) Maximum number of nodal points adjacent to a certain 
point: 8 
(5) Elements and nodal points have to be numbered in 
ascending order from 1 to NELEM (or NNOPO respective-
ly); data cards have to be placed in this order. 
(6) The convergence indicator CON is an estimate of the 
relative error of the maximum nodal point displace-
ment (in percent). This estimate is valid only if 
zero initial guesses of nodal point displacements are 
assumed. The convergence indicator will be printed 
in intervals of INTCO cycles; the iteration is stopped 
if CON becomes less than TOLER. A value of less than 
5.0 should always be specified for TOLER. 
(7) The direction of principal stresses is the angle 
between the positive X-axis and the direction of the 
largest positive (or smallest negative) principal 
stress. In case that both values, (cr -cry) and T 
are very small, this angle becomes me~ningless. xy 
1 
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(8) Nodal point stresses are the (unweighted) average 
of stresses in the surrounding elements. In case 
that these elements differ with respect to E-modulus, 
Poisson's ratio, or thickness, the nodal point stresses 
are set equal to zero. 
(9) Line plots become difficult to read if the smallest 
element dimension is less than 1/20 of the largest 
dimension of the total structure+. The sequence of 
code numbers for plotting element stresses and nodal 
point displacements is immaterial. 
(10) For the calculation of body forces, gravity is assumed 
to act in the positive direction of the Y-axis. 
(11) With the following modified values of E, v and a, plane 
strain problems can be transformed into plane stress 
problems: 
E* = --~E~-­
(1 - v2 ) 
* v 
v 
= ~~--~ (1 - v) 
* a = (1 + v) a 
(12) In order to modify the maximum number of elements, 
CardsNos. 5, 6 and 7 have to be changed (DIMENSION 
statements). In order to modify the maximum number 
of nodal points, Card Nos. 8, 9 and 10 have to be 
changed (DIMENSION statements). In order to modify 
the maximum number of nodal points adjacent to a cer-
tain point, Card Nos. 8, 51, 129 and 143 have to be 
changed. (Nine has to be replaced by n d.+ 1, 10 has 
to be replaced by n d. + 2). a J 
a J 
+ In case this ratio is smaller than approximately 1/30, arithmetic 
errors may occur if an attempt is made to use the plot option. The 
numerical results of the analysis will remain unaffected though. 
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5. PROGRAM LISTlliG 
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__.P.R 0 GRAM ... C.S H~LU.N P U_T_, 0 UT PJJ I, TAP. E 1 =.IN? U .l,_T.AP.E.2 ~O.UJ E_l,L._T ~...> ------~C .... S_._l ..... P -.L~1 
_£INITE::. ELE:.MENT ANALYSIS OF. PLANAR CONTINUA _____ _ 
CSTPL 2 
C.STYl._ 3 
CSTPL ~ 
__ DIMENSION NI < 6 0 0 > , NJ ( 6 0 0) , NK ( 6 0 0 > , EM ( 60 0 > , PO ( 6 0 OJ, ALt6 0.0) .C Sl1~L ___ 5 
DTMFNSION DTC&OO> ,THC600>,DEC600>,Hac600>,SACf00),SBC600) CSTPL 6 · 
-·DIME NS I 0 N _ T T Co 0 0 > , S 1 < 6 0 0 > , S2 { 6 U 0 > , ti A < 6 0 0 ) , H B { 6 0 OJ , SS Co C,_QJ___ .C S lP.l.._ ~ 7 
DI..-ENSION SAAC300,<H,SA9<300,q),SBA<300,q),S88C300,9),NNNC300,q) CSTPL 8 
__ Q.IHENSIO~ .FAA C300 > ,FAB <300) ,FBA (30U> ,F88 {300> ,AORC300> ,_OORt30Jll_CStP.L_ q 
DIMFN~ION ALOC300) ,R.LOC300> ,[iJAC300) ,DIBC300) ,NAC300) ,NBC300) CSTPL 10 
_____ OI~ENSION .DAC6,6) ,OBC6,Ed ,ncc&,6) ,K:AC7l ,KP<7LtKCODF.:tlJ.J.LL{~) _CS_TPL_11 
DHIENSION M~MC120 9 80>,t<P<10>,KNt10>,NCC~) CSTPL 12 
______ COMMON SAA,SA8,SBA,Si38,NNN,FAA,FAB,FBA,FBP _ -· ---- ~S."t.P.1,.._13 
EQUIVALENCF CAL ,HAl, COT,SA>, CDE,S3>, CE~,HA>, <PO,HB>, < AL,SS> CSTPL 14 
___ £QUI VAL E. N C E _ (..~ l 0 , N A) , C 8 L 0 , N B ) , ( K A , N C > , ( S A A , 11 H M ) _ _ ____ ____ C_S J_?L _1 5 
DATA CKACL>,L=1,7)/7HSIGHA X,7HSI~MA Y,7HTAU X-Y,7HSIGMA 1, CSTPL 16 
_! _______________ ·-· 7HSIGMA 2,7HX-DISPL,7HY-DISPL/ ____ C.STPL _17 
DATA CKPCL>,L=1,10)/1HA,1HB,1HC,1H~,1HE,1HF,1HG,1HH,1HI,1HJ/ CSTPL 18 
---DATA . ( KN < L 1 , L = 1,10) /1H1t1H2 ,1H 3, 1H 4, 1H5, 1~6 t1H.w.1H.8.J.1.1i9..t...1.H.Ol C.SJ.P.L __ 1 CJ 
DATA ~AS 1 HBL/1H•,1H I CSTPL 20 
------------------------------------------------------- __ C.SJ:PL 21 
INPUT CSTPL 22 
________________ SIPL 23 
IN=1 CSTPL 2~ 
---4I 0::;2--------- ------· ·--·-· .STF?.L._ 2 5 
READCIN,1000) CSTPL 26 
----READ <IN, .. 10 01 L NELE H, NNOPO, NRf PO·, I NTCO, INTRE t HA XCY ,KN.P_$.T_._j(OUDA .CSl~L-27 
1 TOLER,RELAX,NPLOT,CKCODE<L>,L=1,7) CSTPL 28 
---REA 0 ( I N, 1 0 0 2 > . ( N I ( M) , N J C to!) , N K C M > , E H ( M ) , P 0 C M > , A L tM l , O_T_ ( t1 )_. .D.EJ t1.L, __ ___c S T PL. 2 g 
1 TH<H> .M=i,NELEHl CSTPL 30 
--READ. <IN, 1003 L .CAOR ( N> , 90R C N), ALO ( Nl, BLO ( NL, DIAJ.NLs..Ol.e CN > , CST_PL31 
1 N=1,NNOPO> CSTPL 32 
--..~.!£.( NPL OT. E'J. 0). GO .. TO ... 10L .SIPL 33 
DO 100 LA=1,NPLOT CSTPL 34 
-LB=KCODE < LAL __ ----· SJJ~l_35 
100 KRCLA>=KACLB) CSTPL ~6 
to 1._. WRIT E <I 0 , 2 0 0 0 > _ _S .tRL_ 3 7 
WRITE<I0.1000> CSTPL 38 
----WRITE ( IO, 2 0 01 l NELEH, NNOPO, NREPO, I NTCO, I NTRE, MAX.C'f .. ,RELAX_...I.OLER CSIPL_ 3 9 
IF<NPLOT.EQ.O> GO TO 102 CSTPL 40 
----WRITE<I0,2002l .CKBCU ,L=1,NE'LOJ}___ CSJ_PL _41 
102 IFCKOUOA.EO.Ol GO TO 200 CSTPL 42 
-WRITE (!0 ,20 0 3> _ . .,. ________ -··-- TPL._43 
WRITFCI0,2004) CN,AOR CN) ,BOR CN> tALO<N> ,BLO<N>, DIA CN> ,OIBCN), CSTPL 44 
'-----1- ----------- . ----- .-... N=1, NNOPO) ··----------------- CST PL. ~5 
WRITECI0,2005> CSTPL 46 
--------------------·--·- ST.E.L47 
FOR~ATION OF ELEHE~T AND GLOBAL STIFFNESS MATPIX CSTPL ~8 
......___ __ ---·-· .. --.------- ·- _SI'PL-~9 
coo DO 202 N=1,NNOPO CSTPL 50 
'---- -D 0 2 0 1. l = 1 , q __ ------------ ------- . __ . ___ ___ S 1.2L .. 51 
NNN<N.L>=O CSTPL 52 
' ....... - ... SAA < N. L> =0. 0 ·--····· ------------------·--------· _csTPL 53 
SABCN.L>=O.O CSTPL 54 
'----SBA(N,LJ=IJ.O .. _T_P.L5.5 
201 SAP<N.U=O.O CSTPL 5& 
-<.u2_ NNN CN,U =N _____ ___ .IPL57 jk_ KOUDA=KOUOA+1 CSTPL 58 
~-----------
400.2 -24 
_DJL.211. _M::;1, NELEI'L________ C_$TPL~~--
oo 203 II=1,6 CSTPL 60 
__ oo_ 2v3 _JJ=1,& ___ ________________ csJ_~L __ &1 
OA<II,JJ>=O.O CSTPL 62 
__ flBJ I I .• JJl = 0. 0 ______ CS TP_L __ E)3 
Z03 DClii.JJ>=O.O CSTPL 64 
_lJ~ CTH ( M t._EQ •.. Q.~_o L.I.ttJ .. ~.L=:.1." Q CS .. lf'i:-_.65 
I=NI<M> CSTPL 66 
__ J~.NJ_( MJ CSI~L_ __ &7 __ 
K=NK(M) CSTPL &8 
____ __l.LJ 1J ;:_I_______________ _ C_.S...l: P_~_J) '3 
LL<2>=J CSTPL 70 
_LL (3l=K ---·-·····----~---- --· CSJfl: __ 71 
BI=BOR<J>-AOR<K> CSTPL 72 
__ 9J=BOR.l K > -80R <I.> __ __ _______ ________ C.S_Lf>L_ 73 
BK=~OR<Il-80RCJ) CSTPL 74 
__ CI=AOP<K>-AORCJ) ------- CSif>_L __ _I5 
CJ=AOR<I>-AOR<K> CSTPL 76 
__ CK=AOR <J> -AOR <I> ------ . ,_____ ~-S_lf>L .. 37 
AR=BJ•CK-PK•CJ CSTPL 78 
_ _lf.tAR.C:O.O.Ol GO _10_700___ C$Tf>L ___ 1CJ 
AS=SIGNC1.0.AR> CSTPL 80 
__ AR.~ABS <AR> 12.0 ___ _ __ _________ CS_I_PL_ 81 
GO TO <205.204) KOUOA CSTPL 82 
10 ~---~C.= .. < AOR (I> .. :+ A OR ( J) +A 0~ < '<l ) /3 • Q_______ . .SJ.f.1.,"_83 
BC=<BOR<I>+RORCJ)+90~<K>lt3.P CSTPL 84 
__ H RIT E<l 0_, 2 0 1 0 > M , N I < M ) , N J ( M ) , N K- ( M > , E H 01J_, P OJ tH_t .~L. __ U1l...t_O_T_LM_j__,___lli ( M l...t_ C S l eL_ _8 5 
1 OE<M>.AR,AC,BC CSTPL 86 
.2..0.5 _GA=EM f Ml• T H < M> I<'+ • o•A R • ( 1. 0-PO (_M) !PO ( HJJ...L__ C._S_T.PL __ 87 
GS=AR•DE<M>•TH(M)/3.0 CSTPL 88 
--G.C=AS•TH < ~) /2.0 . -----·-----·---~-· __ ··---- 5JJ~L.-~CJ 
HA<M>=EM<M>•AL<M>•OT(M)/(1.0-PO<M>> CSTPL CJO 
.___GC=GC2t-_~fl < Ml . _ ____ __________ JLS..T.f'l __ q1 
ALO<I>=ALn<I>+GC•RI CSTPL 92 
---.ALO (J} =ALO (J) +GC• BJ ___ _S_TPL __ 93 
ALO<K>=ALO<K>+GC•8K CSTPL 94 
_ _eL.O.U > =BL 0 <I> +GC•CI +G 8.. . S_tPL __ 95 
BLO<J>=BLO(J)+GC•CJ+GB CSTPL 96 
.___.BLOJK> =BLOlK> +GC•CK-t:G_e_ CSTPL_ 97 
OA<1,1l=BI CSTPL 98 
-...___DA l1, 3) =~J_______________ CS_l_~L __ 9CJ 
0A(1,5l=BK CSTPL1LO 
..__.J)_AJ.'3.t 2 > = 9!~ S.!P.L 101 
OAC3,4>=RJ CSTPL102 
'----.OA (3_, 6) =.8K______ S_t.P.L 10 3 
OA<2.2l=CI CSTPL104 
...... ____n A < 2 , 4 > = C J. ____ _______ _S_J_eL 1 0 5 
0A(2,6>=CK CSTPL106 
~A <3_, 1 > =Cl SJP-L.1_07. 
0A(3,3l=CJ CSTPL1CB 
'-----.DA.t3, 5 > =CK ______ C STPL 1 oq 
OA<1,1l=GA CSTPL110 
'-........_D8(2,2l=GA __ ------------------------------------ _c_s_TPL111 
0~(1,2)=GA•PO(M) CSTPL112 
'-..1)~ (2, 1 > =G A• PO ( M) . __ --··-···----··--. kSJ:.P.L_113_ 
DBC3,3>=GA•<1.0-PO<Ml )/2.0 CSTPL11~ 
'-----0 0 _ 2 0 6 __ I I.= 1 • 3 _ _ _lP_L_115 
~·1,6 CSTPL116 
400.2 -25 
~-DO .. .2 0 6 .. KK= 1, 3 ------------- _____ ------- __ . ··-···------------~-.SI~_L.1.17.. 
zo 6 0 C <I I , J J) = 0 C (!I , J J > + 0 A C K K, JJ > "'DB CI I , K K > CST P L 118 
________ D0 __ 2 0 7 .. I I =1• 6 __ . _ ___________ ________ _ _____________________ CSTPL 11 q 
no 207 JJ=1,6 CSTPL120 
___ 0 BJ I I, JJ > = 0. 0 _ _ _ _____________ __ __________ C.S T_eL 121 
00 207 KK=1,3 CSTPL122 
Z07.-DB <I I, JJ >=DB <II, J J l +DA <KK ,IIJ '!DC tKK ,JJ ,__ .SJJ~L123 
00 210 II=1,3 CSTPL12~ 
____ 0_0_210 JJ=1,3 __ ________ ____________ .CSTPL125 
LM=LLCII> CSTPL126 
____ HM.:::O_____ _________________ __________________ C.ST PL 127 
208 M~=MM+1 CSTPL128 
_ _IF HH1. GE. 10) _G 0 .. T 0 7 01 . ___ ---·-- ---------- _Sl]~L12 9 
IFCNNNCLM,MM).EQ.LL(JJ)) GO TO 20q CSTPL130 
_____ JFCNNNCLM,MM) .NE.O> GO T0_2Qe_ _ _______ CSl_PL131 
209 NNNCLM.MM>=LLCJJ> CSTPL132 
__ 18=2~ II ________ ----------------------------- C_SlPL133 
lA=I8-1 CSTPL13~ 
__ J9=2"'JJ _________________ , _____ ---------- C.SJ.PL13S 
JA=JB-1 CSTPL136 
___ .SAA ( L H, MM> =SAA ( U1 1 HM >+DB(! A, J A)_____________ CS_TPL137 
SAeCLM,MM)=SABCLM,MMl+8BCIA,J~) CSTPL138 
____ S BA ( L M, M M > =SBA ( LM, MM > + 08 <I 8, J A> CSlPL 13 9 
210 S~8CLM.~M>=S8BCLM,MM>+~BCIB,J8) CSTPL1~0 
.ll1_C ONT! NUE ... ------~---------·· ST.~L.141 
DO 213 N=1,NNOPO CSTPL1~2 
__ L ;;1_0_____________ C.S_lPL 143 
212 L=L-1 CSTPL1~4 
--J.I F < N N N < N , L> _, E Q • 0 > .. G 0 _ T 0 __ 212_ __ C S T P L 1 ~ S 
NNN(N,1l=L CSTPL146 
_ _.....nET= SA A < N , 1 > !' S 3 B < N , 1 ) .-:- SA 8. < N, 1 ) ~..._ S B A ( N , 1 )_ C..S.lP L 1 4 7 
FAACN>=S88CN,1l/DET CSTPL148 
--EAB1N) =-Sti.SCN,1> /OET ________ CSJP.L14q 
FBACN>=-S8ACN,1)/0ET CSTPL150 
-213._E8.E CN l =SA A< N, 1 )/DEI_ STPL151 
C0=22.5/ATANCl.O) CSTPL152 
i------------··---~------~------------- --------------..loi-S.I£L.153 
DISPLACEMENT BOUNDARY CONDITIONS CSTPL154 
------------------------- ----------------------------------~s~~L15S 
IFCNREPO.EQ,Ol GO TO ~00 CSTPL156 
...___r£ CKOUDA. EO .1) GO_ TO _3 0 Q _________________________ ..Jo'5 U~l157 
WRITFCT0,2020l CSTPL158 
...3.0.0 ... DO .307 L=1,NREPO_______ S_lel159 
READ <IN, 1 0 0 4) N P, NT, S L CST PL 16 0 
'-----.... GO .. TO .. C302,301L '<OUDA _ _________ _S_TJ~L161 
3U1 WRITECI0,2021) NP,NT,SL CSTPL162 
---3.02 ... .NT=NT+1 _,_ ____________ SJ'.PL.16.3 
GO TO <30S,3i.~,303l NT CSTPL164 
''-Jtl3.J;A=.CFAA CNP l "'SL-FAB CNP) )/ CFBA tNPl ~SL.-.E.BB.CNPl l:------------J.I~JEL165 
CB=1.0/C1.0-CA•SLl CSTPL166 
'-----F-A A.C N P) = ( FA A ( N P) - C A • F 8 A ( N P ) ) • C B _ .. S.J E1.16 7 
FAPCNPl=CFAPCNP>-CA•FBBCNP>>•C~ CSTPL168 
·, _____ fBACNPl=FAACNP>•SL ________ CSTPL16'? 
I FBB<NP>=FABCNP)"'SL CSTPL170 
"---.G.o __ To .... 307__________ ___ . r..e.u.n_ 
, 304 FBBCNP>=FeBCNP>-FABCNP>•FBA(NPl/FAACNPl CSTPL172 
"--GO. T0 ... 306 ----------------- _____ CSJP.Li73 
~ FBe!NPl=O.O CSTPL17~ 
" . --
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__ ______________________ 7c4sT~~17?. CSTPL 176 
Wf>....f..AA.JNP)=O.O .. _____________ _ 
F'AP<NP>=O.O 
..-- _E~~ < NP> = 0 .a ________________________________ _ _ ________ _,CSIPL17.7. 
l07 CONTINUE CSTPL176 
______ _________ ________ _ _______ _________________ _ ___ .. ________________ --------,----~QS_I_PLJ 7_9 
ITERATIV~ SOLUTION OF SI~ULT~NEOUS EQUATIONS CSTPL180 
---~--- --· . --·---~-----··-,.·--·----- ·'"·-·~----------------- ~~I~~ 181 !OU NN=O CSTPL182 
__ lC_=INTCO ··----------------------- ___________ _,._CSJ~l-_183 
IR=INTRE CSTPL184 
_ _10~1- ____________________________________________ -____ QSlPL18S 
CO~=O.O CSTPL186 
~.0.1_\:f_ RITE C I 0, 2 0 3 0) .. ·--·----~.,- .. ----~ ____ , ___ ,_:____ ------------:G..S :t:.~L ~ 6 7 
1t02 CON=O.O CSTPL18R 
___ 00_404 N=1,NNOPO _____________________ -----------~C.SIJ~L169 
HH=NNNCN,1> CSTPL190 
_ _f_A_~A L 0 < N > ________ . __ __ _______________ _ _____________ __,G_S_1 PL 191 
FB=BL 0 <N> CSTPL1 92 
__DO_ 40 3 L =2, MM _____ --·-·----· -·--~--- ------------~CS_TPL 193 
M=~NNCN,L) CSTPL194 
___ .fA=FA-SAA (N,L > •DI A CM> -SABCN, l > •DIS CM>______ ___ ----------~CSJPL.19~ 
lt03 FB-=FA-SHACN,L> 4 DIACM>-S8R(N,L> 4 DIBCM) CSTPL191S 
_ _f_A=F:A-.SAA ( N,J.) •DI A {N) -SA6 CN, 1 > "'D! B (N)__ __ _ _ ___________ CS_T_~Lt 97 
FB=FB-S8ACN,1>""0IA<N>-SBB<N,1>•D!fHN> CSTPL198 
_QO~ =FA A < N) • FA+ FA~ ( N) • Fr. . ---------~--------------_:.C_SJ£1,._19 9 
DDB=FAA<N>•FA+FABCN>•FB CSTPL2UO 
__ O!ACN) =D!ACN) +~ELAX•OQa _________ ·_______ CS'{_PL2_Q_1 
OieCN>=DIBCN>+RELAX•DOq CSTPL202 
.ft.O_lt_ COt\=C ON+ABS <DO A)+ A BS < 0 DB) ___________ C.S_T~L 2 0 3 
NN=NN+1 CSTPL204 
__ If._( CON. GT • COM)_ __ COM_~_CO.~ ___ C_~JJ~L2Q5 
CO~=CON""100.0/COM CSTPL206 
___ lFJNN.L T. IC> _G_O __ _IQ_'t05______ C.S...TPL207 
IC=IC+INTCn CSTPL208 
~ .. WRliE ( IO, 2U31) NN, C0"4 _____________ --·------- C.STPL2.0 9 
\05 IF< <CON.LE. TOLE~> .'JR. <NN.GE.t-4AXCY)) 10=2 CSTPL210 
-lE(NN.GE.IR> GO T0 __ 500___ C.SJ:.PL211 
GO TO C402.500) !0 CSTPL212 
______________________________ ---------------------~-I.eL.213 
CALCULATION OF STRESSES, OUTPUT OF RESULTS CSTPL214 
·---------------- ---------····--------
------------------------------~C.SJ~L215 
500 WR!TEC!0,2040) NN.r,o~ CSTPL216 
---._NO_::.NNOP0/2 .. -~------ ---------------~C_U,.PL. 217 
DO 501 N=1,NO CSTPL218 
.__ __ L;;N+NO_ --·------------- _________________________________ c_s.J~L21CJ 
501 WRITE'CI0,204U N,OIA<N>,fliP<N> ,L,O!ACU,OIB<U CSTPL220 
..__ _ _If <L • LT. NNOPO) WRITE ( I.O, 2 0 42l NNOPO, OIA_tNNO.~OJ_J_Ol 'l {~~OP_QJ CS_lPl221 
WRITECI0,2043) CSTPL222 
'--- IR~lR+.INTC?E_ .. _ .. __ "____ SJ.P..L_2_23 
DO 502 H=1.NEL~M CSTPL224 
'----l=NI (M]___ _ ___ CSTPL225 
J=NJ<M> CS-TPL22o 
...__ __ I<~NK CM> CSTPL227 
.. ·-------------------. ---- ----------------------- --BI=BOR CJ> -fiOR CK> ----C-S-TPL228 
\ . _ ___ !)_J.=__BOR <K> -ROfdi> .. ___ CSTPL229 
BK=BOR<I>-BOR<J> -----·----.. ---------------~CS-fPCZ30 
'----.C.I=AOR ( K)- AOR < J )_ ___ __c_s_l~L2 31 J- CJ=AOR lll-AO~~K~ CSTPL232 
400.2 -27 
_ ,....-.CK=AORCJ) -AORC!L .... ____ . _ ............ -------------------~~-M._T.EL.2.33. 
EA=BI~OIACil+dJ•DIA<J>+BK•O!f(K) CSTPL234 
____ --EB=CI •OIB (I> +CJ•OI B < J l +CK•OIB ( Kl __ .. ------------- ..CSJPL235 
ET=CI•niA<I>+CJ•OIACJ>+CK•DIA<~>+BI•OI~<I>+BJ•OIR<J)+BK•OIB<Kl CSTPL236 
--.G A= EM ( M l I ( C1 • 0 - P 0 C M > • P 0 ( f"' l l • < B J • C K- B K • CJJ l _ _ _ C.S :LPL 2 3 7 
SACM)=GA•<EA+PO<~>·E~l-HACM) CSTPL238 
-~SBCMl=GA• <EB+PO (M) •F.:Al -HACf"'l _ "·--------·--·--- ~lPL239 
TTCMl=GA•ET~<l.O-POCMl l/2.0 CSTPL240 
___ CALL STPESS <SA U1l ,SB CMl ,TTCf") ,S1P1) ,S2(M)_,PH,C0) _!;_STPL21t1 
502 HRITE<I0,2044) M,SA01) ,SBCMl ,TTCMl ,S101l ,S2<Ml ,PH CSTPL242 
___ _GO. TO <401. 50 3 > I D __ -------------------------- __ C_S_T_PL2 43 
503 IFCKNPST.EO.Cl GO TO 600 CSTPL244 
_HRI.T E c to, 2 045> ______ --··--------·--- --------- ~~-I..PL2!:+S 
00 510 N=1,NNOPO CSTPL246 
__JtC=1 __________ -------------------------- ·---- C..SJ:.PL 2 4 7 
ssa=o.o cstPL246 
___ SSB:;O.O ______ ---------·-- _____ ________________ _c_ST_PL24C: 
SST=O.O CSTPL250 
____ COU=O. 0 __ ---------·-·--·----------- .. St.~L251 
00 508 M=1,NELF.M CSTPL252 
__ ....IF<N.EO.NIC"1l l GO TO 504____ __________________ STPL253 
IF ( N • F Q • N J C M > > G 0 T 0 50 4 CST Pl2 54 
---IFCN.NE.NKCMU _GO TO. 508 ____ C_S_TPL255 
504 IFCMC.N[.1) GO TO 505 CSTPL256 
_.H.C;2~--··- .. ----------~- :.ST.~L257 
CEH=~M(Ml CSTPL256 
-_vCP.O=PO<Ml _____ ----·--------- JPL259 
CTH=THC~l CSTPL260 
.SOS .. lFCCEM.NE.EMCM> > GO. TO 506 ___________ CSTPL2G1 
IF<CPO.NE.PO(M}) GO TO 506 CSTPL262 
-__.IECCTH. £'1. T H ( M) ) . GQ._ T.O" 5 OJ..___ .C,ST.PL2 63 
506 SSA=O.O CSTPL264 
-SSe= 0. 0 ____ CSTPL265 
SST=O.O CSTPL2b6 
-~SS1= 0. 0 _______ .CS_U~L 2 61 
SS2=0.0 CSTPL2GR 
.... PH:;..D .. D. ---·-·----·---~-------------------~·SIPL269 
GO TO 5Qg CSTPL270 
-S.n.J_SSA = SS A+ SA.( ML__ _ ____ C..S.J..E.L 2 71 
SS8=SSB+SBCMl CSTPL272 
~ssT=SST+TT<M> TPL273 
COU=COU+t.O CSTPL274 
-.508.-CONT IN UE . .IP.L 275 
SSA=SSA/COU CSTPL276 
---SS8=SS8/COU ----------·-------- _ ..C.STPL277 
SST=SST/COU CSTPL278 
----.CALL --STRESS ( SSA, SSB • SST, SS1, SS2, PH, COL· C.S.TP_L279 
50g WRITE<I0,2044) N,SSA,SSB,SST,SS1,SS2,PH CSTPL280 
·-..s 
I .1.0 •. CONTINUE ---------·- ----···· ~ . .SIP.L281 
I CSTPL282 
>-- -1-.INE--PL-OTS-- Of ... ELEHENT STRESSES __ -------------------------------~S1PL26~ 
~~Q IFCNPLOT.EQ.Ol GO 10 900 
HOR=11q.o 
CSTPL284 
___ CSTPL2'15 
CSTPL266 
"--.-VER;:_7_9. o ___ _ -------------------~----~t£.L2.87 
RAT=HOR/VER 
.. 
' ~ --AKA=~1.DE+3DD--­
~ AHI:-AMA 
. - ·. 
CST PL286 
--------------------------~sr~L289 
CSTPL290 
, 
400.2 -28 
. ,.---B~A?A._,~------·· ·--- ----~---------------~CSTPL2~.!.-
BHI=AHI CSTPL292 
....---00 __ 601 N=1.NNOPO ______________________________ CST_?_~2_9~ 
AHA:AHAX1CAMA,AORCN)l CSTPL294 
___ St4_A=AHAX1 CBMA, 80~ <~> > ________ CST_Pt2_~5 
AHI=AHINtCAMI,AOR<N>> CSTPL29& 
p.OLBMI= AMINi< BMI, BOR < N)) ----~~~ C __ $l..~.~~ 97 
AO=ABSCAMA-AMI> CSTPL298 
__ .BD?ABS C.BMA-~MIJ ________ CSl~~299 
SCA=HOR/~0 CSTPL300 
____ S_C~=-VER/130 ... ___ _ ____ __ __________ ___ CSJ.R~J 01 
SCA=AHINt<SCA,SCB•~AT> CSTPL302 
_ _.S_CE=AtHN1 ( SCB, SCA /RAT L__ ·------------------..:=C.S_'t_f)L 3 03 
IU=AO•SCA+1.5 CSTPL304 
___ JU=.B_Q•_SCA+1.S -- --- ---------- CS_IPL305 
DO ~02 H=l,NELEM CSTPL306 
___ ..l=N!_(M) _____________________ ----------------------~CS_IPL3_07 
· J=NJfH) CSTPLJ06 
__ J(~N.t< ( f1 ~ ...... __ ..... ____ .... _. . __ ... ___ • .. C~J PL 3 0 q 
AC=fAORCil+AO~CJ)+AO~CK))/3.0 CSTPL310 
__ e.C=_( BOR <I) +BOR CJ> + BOR ( K >>I 3. 0 c_s_"(~l311 
HA<M>=ABSfAC-AMI>•~CA+t.S CSTPL312 
.6...Q.2_HO OH:::ABS ( BC-~M!) •SCB+1.S __ _ __ _C_S_TPL313 
00 603 N=l,NNOPO CSTPL314 
---~ .. NACN>=AESCAORCN)~AMI>•SCA+1.5 _ G.SJJ~L3_15 
&03 NBCN>=ABSCRORCNl-BMI>•SCP-+1.5 CSTPL316 
_ ____w00 __ 6D 4 ... 1 = 1. IU _ ____ _ _____ CS_lPL 317 
DO 604 J=1,JU CSTPL316 
ftO.It_tfHMJI ,JJ =t'1BL ___________ C.S.lf>.l __ 319 
DO 606 M=1,NELEM CSTPL320 
,__NC_ (1 ) = N I 00 _ _S.JJ:'L 3 21 
NCC?.l=NJCM> CSTPL322 
---KC C3L=NK C Ml ______ C.S.lPL323 
NCC4l=NIC~) CSTPL324 
__ oo___&OS .. _L =1 •. 3_ ____ C.S~PLJ25 
I:NCCLl CSTPL326 
._ .. _ _..J:NC (L+1J. _SJPL327 
IA=NAfil CSTPL32~ 
.____..&.! B;; N ~ 1L> _ _ C.S.I.el.. 3 2 9 
GA=NAfJ)-IA CSTPL330 
___ _GB~N.B CJ> -IB_ CSTPI-_3_31 
GC:ABS<Ga> CSTPL332 
-.G.D=.~BS<GB> _ --------· C~_!.f_k333 
GE=AMAX1CGC,GO> CSTPL334 
..__ G_G=.S.I GN ( 0. 5 • G A) S _ I_PL.J ~ 5 
GH=StGN<O.S.G~> CSTPL33G 
..______t{C = G E + 1 • 5 SJ P L..:J 3 7 
DO 60~ K=1,KC CSTPL336 
'---. Gf= ( K-:1. 0 > /GE... .JP_1,.~39 
LA=GA•~F+GG CSTPL340 
'---..L.B=GB_•GF +GH ___ . _____ -----------· _______ S_lPL~_ft1 
~05 ~M~CLA+IA,LB+I9l=MAS CSTPL342 
~O& .... C.ONT I~UE __ _ ______ ·--------------------------·· C.SlPL3 43 
WRITECI0,2050) CSTPL344 
'.._ .... __ lol ~IT E ( I 0 , 2 U 51> .. ___ .f_P_L_3 4 5 
. 00 607 J=1.JU CSTPL346 
~OZ __ HRITE liO, 2052) _ CMM~ U ,JJ_,_!=1,_!Ul____ tJ~_L347 
'~ DO 638 KKK=1.NPLOT CSTPL348 
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... -S HA.:;:-1 .. 0 E +. 3.0 0_. ---·------- C.Sl. eUJt 9 
SHI=-SMA CSTPL3SO 
____ NST:;:XCOOE <KKK> __ __ _ ______ _ _________ __..C.S.TPL351 
IFCNST.GT.Sl GO TO 626 CSTPL352 
____ HRITE<I0,2053l KB <KKK> _____ ------------------- ___________ CS_H~L3S3 
00 614 M=1,NELEM CSTPL35~ 
_____ G_a__Jo _(608,609,610,611,612) .NST__________ C_S_t.f!L355 
&06 SS<M>=SACM) CSTPL356 
____ GO .. TO 613 ______ ---------------------- ..CSJPL357 
&oq SSCM>=SA<Ml CSTPL356 
___ _G_O __ TQ 613 ____________ ------------------------- -~S__T.PL359 
&10 SSCM>=TTCM> CSTPL360 
-···-GO .TO 613 __ -----·--·-·-·--------·-·---·------- CS.lPL361 
611 SSCM>=S1CM> CSTPL362 
___ .GO .TO 613 ___ ------------------·-- _______ _ __GSI.PL363 
612 SSCM) =~2 CM> CSTPL364 
.613 .. S~A=AMAX1 CSMA, SS 01) > _________________ .Sl_PL "3 65 
614 SMI=AMIN1CSMI,SSCM)) CSTPL366 
___ .J MA= A f3 S < S ~A> _ • _____ •... -------------· SJ PL 3 6 7 
TMI=ABSCSHI> CSTPL366 
__ JiEX=AMAX1 CTMA, TMI> ____________________ _cstPL~69 
E~X=ALOG10CS£X) CSTPL370 
---NEX=EEX ___________ ------------------------- S_TPL371 
IF<EEX.LT.O,Ol NEX=NEX-1 CSTPL37?. 
__ NFD=SEX/1.0. O!.!:NEX .. __ S.TPL ~73 
FAC=1.0 CSTPL37~ 
__ _IF.tNFO.LT.SL FAC=O.S __ _____ C.STPL375 
IF(NFn.LT.2> FAC=0.2 CSTPL376 
___ SJ.E;;_F Jl C~J. 0. o•• NEX_:.. ~TPL317 
GA=O.O CSTPL376 
--Li B=.S.T.E __ C.S.tPL 3.7.9 
GC=O.o CSTPL380 
__ __r;o_:.,.GB ____ ___ .STPL381 
00 61? l=1.10 CSTPL382 
~-H:RlT.E l IO • 2054) _GA ,GB, KP lLJ, GC_, GO, KN CL >____ CST.I?L3 83 
GA=r.B CSTPL384 
.._ .  -~G .. S: G B + S.T E_&r SJ~e.L.3 8 5 
GC=-GA CSTPL386 
-61-5-GD=-GB-. -------- SJ.P.L3 87 
DO 625 M=1,NELE~ CSTPL388 
__ ___,JO-<JJ:ABS C SS ( M)) I STE+ 1. Q__ _ CSTPL3 89 
II=KP<JJ) CSTPL390 
_...__-..~.If._( SS ( M) .LT. 0. U l-.-1 I= KN ( JJ) J.PL.3_91 
NCC1l=NICMl CSTPL392 
-------NC(2) :NJ CM > ---- --------- .CSTPL393 
NC(3l=NKCH> CSTPL394 
'--------.&.IA=MA (M) ------- .. -- _S1PL395 
re=MBCM) CSTPL396 
'--DO 624 _.L=1.3_____ IEL397 
J=NC(L) CSTPL398 
''------GA=NA <J> -JA_______ ST.P.L399 
GB=NB<J>-IA CSTPL400 
"------ . .GC=AB~ CGA> ____ _ _ _ _ ________ ___ ___csJPL401 
GO=ABSCG~) CSTPL402 
'----G.E=AMAX1 CGC.GO>. ..CSTPLttD3 
GG=SIGNCO.S.GA> CSTPL404 
"-----GH=SIGNCO.S,GBl --·----------- S.TPL40S J- KC=GE+1.5 CSTPL40& 
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... 
,.. D0._62} __ ~=1,_KC .... --·--·· -~~-------------=C:..:S~T~PL~.Q_7 
GF=CK-1.D>IGE CSTPL~08 
__ LA=GA•GF+GG _ ·-·----·-·--------·-- ------------~C.SJ_~~-!+09 
L8=GB•GF+GH CSTPL~tn 
___ L_A-=_IA±LA ______ .. ·------------------~CS_T_~~411 
LB=IB+LB CSTPL412 
___ l(01.MM. CL a, L~>. E'l.~M-~Sl ___ G_Q_tQ....22_~-------- ·---·--------::C-~T.e.~.!t.1_3 
HMMCLA,LBl=II CSTPL414 
__ NN=1 --------~---· _ ~STeJ..415 
KK=1 CSTPL~16 
___ L_C..;:O_ ------------------------- ---·· CS_lf>_L't_17 
&16 LC=LC+1 CSTPL~18 
-·· -· M M= 0 -~ .. --· --·------ ~---·· ,. - ·---·-------··--- ----------·--~C_SJ PL ~ 1 g 
&17 MM=MM+KK CSTPL~20 
____ GO. 10_(618,.619>_ NN ----------------·-- CST_PL421 
&18 LAA=LA+M~ CSTPL422 
___ L8B.-=L8 .... -------------·-·--·-----· CSTPL42J 
GO TO ~20 CSTPL424 
.P.1.9 .. ~LAt.=LA ... ---·--·------.. --- CS_TPL~2t; 
Le9-=LB+HM CSTPL4?E 
.Sl.O __ IF.< MMM CL AA, L 8 ~ > • E Q. HAS L GO _T_0 __ 62L C_ST_~L_427 
HMMCLAA,LBB>=II CSTPL42~ 
_ __GO_ tO 617____ ____ ___ _____ C_STPL429 
&21 KK=-KK CSTPL 43fJ 
__ G_O .. lO. J616, 622,616,62 3 > _L __ C Q_SJJ:>.L 431 
&22 NN=2 CSTPL432 
____ G_O _TO 516 ___ -·--------- _ CSJPL431 
&23 CONTINUE CSTPL43l.t 
.&2_4 ___ C ONT I NUE __ __ __ CSIPL4315 
MHMCIA.I9l=II CSTPL43~ 
W ___ CONTHlUE . ·-. ···-· (!_S_TPL_!+~7 
WRITFCI0,2U51l CSTPL43e 
--D.0.627_J=1,JU _ .... __________________ ST~L~39 
WRIT~CI0,2052> C~MHCI,J> ,I=1,IU> CSTPL~40 
_____ 00 62~ K=i.IU __ __ ___ ..C_S.l_PL4't1 
IFCMMMCK,J).~Q.HAS> GO TO 626 CSTPL4~2 
-'1 ~ M ( K • J > = M 8 L __ _ .S_T P.L 4 4 '3 
~26 CONTINUE CSTPL44Lt 
ii27' ___ C.ONT I NUE _ _ C_S_IPL445 
GO TO 638 CSTPL44E 
&2.8 __ WiUTECI0,205_5) K9(KKKt__ SJ.PL447 
NST=NST-5 CSTPL44e 
___ _oo .. 632 N= 1, NNOPO ·-- IeL 4_4<? 
GO TO C62q,&J0) NST CSTPL45~ 
~29_ .S S C N > = 0 I A ( N > . _ ___ __ C_S leL 4 51 
GO TO ~31 CSTPL452 
~3Q ___ SSCN>=DI9CN) __ . ---------· CSH~L453 
fl3t SMA=AMAX1CSMA,SSCN)) CSTPL454 
-QJ1..__s M I= AM IN 1 C S HI • S S ( N U _ . CST PL 4 55 
TMA=ABSCSMA) ris¥~L456 
"-- TMI=ABS C SMO ___ _ ____ ____ __ _ ______ CSTPL457 
SEX=AHAX1CT~A,TMI> CSTPL~58 
-~-- .. E~X= AL OG1 0 C SEX) __ _ __ ____ ___ _ __ _ __ ____ ________ ___ _ ____ CST PL45~ 
NEX=EEX CSTPL460 
'-·- .. .I F..< E EX. LT. 0 • 0 > NE X =N': X ~1 _____ -·--------------------~CS T_?.l ~ 61 
NFO=SEX/10.o••NEX CSTPL462 
'--f_AC=1. 0 . _______ --------------· C.S_t.eJ.,_463 
IFCNFO.LT-.5) FAC=0.5 CSTPL~64 
~'-------- _______ .. ________ ---·----- --· 
r 
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.... -~fC.NFO.LT.2> FAC=D.~2----------------------_w.S.lf!L!+&5 
STE=FAC•to.o••NEX CSTPL46& 
~------GA=O. 0 ___ ------· _ __ __ ____________ ______ __G_ST.PL4&7 
GB=STE CSTPL468 
_.G.C=O. o___ ______ ______ C.~TPL46<3 
GO=-GR CSTPL470 
_...no. &33 .. L=1.10 _ ·-----·---·-··-·---·--· .CSJP.L4.71 
HRITECI0,2054) GA,GB,KPCU ,GC,GO,KN<L> CSTPL472 
__ GA=GB ______ -·---------- ------------------------·--- CSJPL473 
GB=G~+STE CSTPL474 
_ ____GC:;-GA _____ ------.. ·--------------------- S.IP_L_47~ 
&33 GD=-GA CSTPL476 
_---*10.0 .. 635 t1=1,NELEH __ -····----·- ST.PL.'+77 
NCC1l=NI<M> CSTPL478 
_____NCC2> =NJ CM) ___ _________________ STPLlt79 
NCC3>=NKCMl CSTPL48r 
___ N.c.(4l =NI CM>. _ _ ________ S..1PL481 
00 634 L=1,3 CSTPL4R2 
__ l;:NC ll) -----· ___ --------------·--·------------------M.SJPL~.82 
J=NCCL+1> CSTPL48L 
_ ___.JA=NA tiL ____________ ------------------------- .STPLft~~ 
Ie=NBCil CSTPL486 
----\.JGA=NA lJ) -IA. __ _____ _______ .STPL 487 
GB=NBCJ>-IB CSTPL488 
-!iC:ABS lGAL __ ,. .. , :SJ .. PL48C.: 
GO=ABSCGA> CSTPL490 
--uGE=AMAX1 ( GC, GO> --·- _ _____ .S.TPL491 
GG=SIGN<O.?.GA> CSTPL492 
---GH=SI G N tO • 5, G B> _ _ ST_PL'+C3:! 
GI=SSCI> CSTPL4<34 
.... GJ=. ( SS (J > -G.I > /G£._ .S.lPL 495 
KC=GE+t.; CSTPL496 
-DO 634 K=.1.KC._ .SJ_PL497 
GF=<K-1.0)/GE CSTPL498 
--L..-A = G A*--~ F. + G G I P L_lt ~ <? 
LB=GB•GF+GH CSTPLSOO 
--.GX= <K-1. 0 > •GJ+GI .. ·.SJ..PL501 
JJ=ABSCGK>ISTE+1.0 CSTPLS02 
----JI=KPlJJ)__ __ IP.L503 
IF<GK.LT.O.Ol II=KNCJJ) CSTPL504 
-U1._fi~f" (LA+ I A, L '3+! B)= II .. __ .S.I.PL 50 5 
&35 CONTINUE CSTPL506 
'-.-WRITE (10, 2U51)_____ .T..e.L507 
00 637 J=!,JU CSTPL50e 
"----WR I T E t I 0 , 2 0 52 l _ ( M M "! l I , J > _ .I= 1, I U.l __ __ C.SJ.PL 5 0 9 
00 615 K=1,IU CSTPLS10 
'--.l.f.lMHM l K, J >. £0... H9Ll .. GO .... T.0_636.. CS TPL 511 
HMHCK.J>=~AS CSTPL512 
~l~-C ON T I NUE .. ------ lf.1.5.13 
~7 CONTINUE CSTPL514 
~-CO NT I NU=: ______ ----------·------------- lPL515 
GO TO qoo CSTPL51E 
', 
-. . - -- - -- - -· 
1 ERROR ~ESSAGES 
CSTPL517 
CSTPLS1B 
'---~ ?oo H~ITE<I0,2060) M ----------------------------------------------------·--------_wC~SlP-1.5.1<? CSTPLS20 
'?-GO- TO.- <30 0 ... -·----------·---
< ,f: WRITEII0,20611 L~ ·· --------------------------------~c~suuT~L521 CSTPL522 
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!PO ... CALL __ EX I r___ __ CST P!-..i.? .. :J. 
100 FORMAT(lX,SOH ) CSTPL52C. 
iO_L_f:ORHA T ( 8 I 5, 2F1 0. 0, 812 > _ __ ___________ CSTfL.525 
.i02 FORMAT<3I5,5X,5F10.0,F6.0) CSTPL526 
j_0_3__FORH_A. T ( 6t=' 10. 0 > ________ _ CSTP~-5~7 
004 FORMAT<'=!?,5X,~1J.O> CSTPL528 
,00.0_ FOR~ AT (1 H1, II , '!" P ROGR A H CSTPL •, II_) ... , .. ____ -~- ._C.S..f..P.~.S 2 9 
001 FORMAT(/////,• CONTROL VARIA8LES•,!//!,• NUMBfR OF ELEMENTS•,22X,•r.STPL530 
__iJ ~-ti12..,/ I, • NUMI3ER OF NODAL_ POINTS• ,18X,! , ... , !12, ll_~• __ .:._NlH1A.ER_OL_RE_S~SIPL 531 
2TqAJNED NODAL POINTS•,7x,~a•,It2,/!,• PRINT INT~RVAL OF CONVERG~NCCSTPL532 
_...._3..._E.~ND!CA.TOR . a •, 112, II, • PRINT INTERVAL 0 F I NlE..f\1'1E.D . .IAIE ... RE.S_U_L_TS __ I_!_CS_l_PL_2'33 
4tl12,//,• MAXIMUM NUMeER OF !T~RATION CYCLES t•,I12,11,• OVERCSTPL53~ 
_5"~.RELAXATION_ FACTOR."",18X,~t•,F12.3,11,• _TOL,.ERA.fU .. L.J;R~OR 0~ MAX, Dl.~.Q.~TP1,..?3S 
&PLACEMENT a•,Et2.3,• PER CENT•> CSTPL53E 
.D.02 .. FORMAT (I 1111_, • __ T'f PE OF_ LINE PL OTS•, 22 X, • t~, SX, A7 _ _, 9Jlf.t..'±.7..X~_t)_j ___ CSJPL 537 
103 FORMAT(lHl,//,• NODAL POINT DATA•,!!!,• POINT•,sx,•X-ORDINATF CSTPLSJE 
1 Y·OROI NAT.E!, g)(_, I': X_-L 0 A'J•_,_9X, !Y ~L QAD!..,_l 0 }(_,.!_X __ ~_O IS.e..LAC£ Y-R.I SPL, A_CST_PL 53 c 
2CE•,!!) CSTPL540 
;D04.FORMAT<I5,5X,4F15.5,5X,2F15.B) ----··--··· ------ Csr_e_t,.541 
:005 FORMAT<1H1,//,• ELEMENT DATA•,!/!,• ELEM~NT I J K CSTPL542 
___if~MODULUS -· P 0!<)5 ON•, ax_, •AL ~H a DELJ ~ T ___ l_f:t~.C~_rjFSS JlENSI TY• ,_9C.SJ~L 5Lt3 
2 X • •AREA X-CENTER Y-CfNTER•, I I) CSTPL 54t; 
~1 0 _ E 0 R M AT U 5 , I 9 , 2 I o , E 14 • 4 , F 9 • 4 , l1 4 • 4 , 3 F 11 • 4 , 3 F 13 • ~ L .C S T_P L 5 4 ~ 
!020 FORHAT<1H1,//,• DATA ~OR RESTRAINED NODAL POHHS•,ttl,• POINt•,1CSTPL54E 
---11Xt ~TYPE•, 13X, •SL OPE•, Ill. CSlPL 5~ 7 
~21 FORMAT<I5,!16,F20.6> CSTPL54e 
~IL3.0 . ..EORH AT< 1 H1,/ I, •----- CYC L £!_, 12X, •CONVERGENC E_ IND_lC A_t.O.R!_~_lL) CST ~L 54c 
~31 FORHAT<I6.E29.3> CSTPL550 
~40 FO~M AT t1 H1, I I, • _ CYCLE t•, 16,15 X, • REL AT I Vf ERROR . .O_E__ H~Xl t1U.tL.DI.SP_L_AC STPL 5 51 
1CEMENT a•,E12.3,• PER CENT•,!//1/,2(• POINT•,9X,•X-OISPLACEMENTCSTPL552 
-Z... ______ . _Y~DISPL ACEM E~T ":., 10X) _,/ 0 ---~ ~.eL55':' 
~41 FORMAT<2<I5,5X,2E2Q,7,10X)) CSTPL55~ 
~42 __ FORMAT (6 0 X' IS I sx' 2E2 0. ?L ------ --· ---------- C..ST.PL 55t: 
~43 FOR~AT<1H1,//,• ELEMENT STRESSES•,////,• ELEMENT•,10X,•StGMA x•,8XCSTPL55E 
...__t. !.SI G tiA __ y_•, ax ,_• TAU _X- Y._•, eX, ~S I G-.!'1AX• __ , 8X, •si G..,MIN!_,_j,_J_x_,_!.J)..Ill_CI.l..O.li!.,_C_S TPL 5 57 
2//) CSTPL55~ 
Ul.lt«t __ f ORM A l <I 5, 5X, 5F 15.5, F 2 0. 2) ----·- --------- .S_T_F~L 5 c;c 
!liftS FORMAT<1H1,//,• NODAL POINT STRESSES•,////,• POINT•,11X,•SIGMA XCSTPL56C 
~!_,_ex .• •si GMA_Y! _.ax, ":TAU X.~_Y!.s.BX.t ~Sl G-1'1 AJ~~-.t8X_J..:!'S.I.G~tf!.....1J.X..1~...D~R..E...C.Tl_CS JPL5ol 
20N•,//) CSTPL562 
~QS_Q ___ F.ORMA J U Hi, I I, 10 X_, •FI NIT E. EL E H ENT MES H•) C S_I.eL Sb:.' 
1liS1 FORMATU///,10X,8(•,.•>,• x•,4(/,1QX,•+•),• y•,t!l/1) CSTPL564 
1052 _FOR MAT< 1 UX, 12 0 A 1) _________ ·-· __ -·---· ·----- . C~!.~L 56~ 
!053 FORMAT ( 1H1 ,/I, 1 OX, •EL EMENT STRESSES•, 9X, A7, I I I I, 2 (14X, •STRESS RANCSTPL56E 
--..i.GE.•, 8 x._, "SY~BOL •, 5 XJ, //} ______ .:___ _ C.S_J~L_5_6 7 
1054 FORHAT<E19.3,• -•,Et0.3,7X,A1,E26.3,• -•,E11.3,6X,A1> CSTPL56e 
~55 .F ORHA T ( 1H1, I I, 10 X, •NODAL . POI NT DlSPLACEMENT_!.__._ZX.s A Z ,//// ,..zJ.1.8Jh.!RANCSJ P_L56~ 
1GE•,12X,•SYMOOL•,sx>,ll) CST~Ls7r. 
~(LfORMA T ( 1 H1 ,//,"--ZERO A REA __ F.:OR .. _ELEHENT •, I&> SJ_pj._5_71 
~&1 FORMATC1H1,//,• NU~BER OF ADJACENT NODAL POINTS EXC~EOS LI~IT AT NCSTPL572 
'-...i.ODAL . .POI NT~ ,_!_6} ____ ____ CS LP_L_57::l 
END CSTPL574 
"------------------ - -- ------------- --------- ---. 
----------- ----·· ·-·--·-·----- ------- -··.- ·-·------- -----------------
-----------------------------
.J:---
"400.2 
_s.ueROU.TIN.L STR ES.S._. lSA I SB 'SJ .... S1 J S2 'PH' cru 
~---C.ALCULATI.ON OF .. PRINCIPAL ...STRESSES ________ _ 
-33 
·--------------------~c~s~rP~57.~ 
CSTPL57& 
___________ CST~L577 
CST PL 578 
__ .. IS~ lSA+S8tL2. 0 .. ·--···· ____ . ____ ....... ·------~------------__J,/_5_lPL579 
TO=SA-SB CSTPL580 
_.I=:~.SQ~J.U.D .. .IO/Lt.u+ST.•ST.J __ ~-----·-...;..·--------------"C~SJ_PL581 
Si=TS+TE CSTPL582 
__5.2;;.TS...:T..L .. --·- ---·--· .SJJ~L.583 
TT=SIGN<t.O,STl CSTPL56~ 
___ If.tTO. NE. 0. 0 >.GO _TO . .J..IJ.O ____ ----~--------- STPL5_85 
PH=TT .. 45.0 CSTPL58fi 
_...GQ .. JO 101 ···- .. ···--·-·-· -·-- ·------·-··-·--- . J£L.567 
100 PH=CO•ATAN<2.0 .. ST/T0) CSTPL568 
___ _If (TO. LT. 0. 0} P.H= TT:!" 9 0 • O+PH. __ ·--- --·------------- .SI.PL 5 69 
101 RETURN CSTPL5qo 
_ __JE~No _____________ ----------·--· UP_L5_q1 
-----·------------------
------------------·-----------
""'-·---·-------·----·~-·--
'----- -------~---- ---- ---·-.. ·------- -· ..... 
'-------- -----·-·--------------·· . 
. .. --.. ----·---------------
'--------------------·-- ------------ ---- ----------------
• 
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Fig. 2: Partially Restrained Nodal Point 
